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Abstract: The objective of this study is to investigate the impacts of mixed use developments 
on parking requirements. Along with the renewed interests in mixed use development, shared 
parking concept has been a focus for traffic engineers, local governments and mixed use 
developers in recent years. With the help of a case study of Gold Coast city in Australia, this 
study has identified that shared parking significantly reduces the overall parking requirements 
of mixed use developments. However, to be shared parking more effective, the type and the 
size of various land uses within a particular mixed use development should favour the concept. 
For example, offices and hotels can go side by side as the time-of-day parking requirements 
and peak parking demand do not conflict each other. A series of time-of-day parking 
occupancy rates have been developed for typical land use categories to identify such 
effectiveness. 
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1. BACKGROUND 
 
Mixed use development has gained its renewed attention in recent years. It is the composition 
of different integrated, complementary and interacting land uses within a given geographic 
area. Cervero (1988) defines mixed use developments as those with a variety of offices, 
shops, retails, restaurants, banks, entertainments and other activities intermingled amongst 
one another. Mixed use development has been labelled and promoted as an essential mean for 
the creation and the maintenance of attractive, liveable, memorable and sustainable urban 
environments by revitalising cities. Mixed use developments are growing in popularity as 
they reportedly can create additional value and outperform standard single-use real estate 
developments. A successful mixed use development must be compatible with its neighbours 
and integrated into the community to maximise its economic effect (Giedon, 2009). Morrow 
(2005) states that mixed use development is not a new concept, but it is receiving renewed 
attention with the recent emphasis on sustainable development and is an important policy tool 
for cities.  There have been a number of research studies to identify the impacts of mixed use 
developments on transport mode choice (e.g., Frank and Pivo, 1994), urban planning (e.g., 
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Gordon and Richardson, 1997), real estate (e.g., Song and Knaap, 2004) and so on. 
 
The other key features of mixed use developments are internal connectivity- walkways or 
internal streets or drives, and the sharing of parking- use of the same on-site parking lots by 
users of different buildings (Atfield, 2010). Shared parking requirements for mixed use 
occupancies or shared facilities may reduce the amount of land needed for parking, creating 
opportunities for more compact development, more space for pedestrian circulation, or more 
open space and landscaping where it can be determined that the peak requirements of the 
several occupancies occur at different times (either daily or seasonally) (Chua, 2007). Barton-
Aschman Associates (1983) defines shared parking as a parking space which can be used to 
serve two or more individual land uses without conflict or encroachment and is the resultant 
of two conditions: (i) variations in the peak accumulation of parked vehicles due to time 
differences in the activity patterns of adjacent or nearby land uses (by hour, by day, by 
season) and (ii) relationships among land use activities that result in people being attracted to 
two or more land uses on a single auto trip to a given area or development. Also, significant 
levels of carpooling, transit, or pedestrian access can reduce parking demand within shared 
parking situations (Smith, 2005). Giedon (2009) states that encouraging shared parking can 
help land developers minimise both costs and environmental impacts, making it a handy tool 
for mixed use projects of all sizes. Furthermore, for developers, shared parking has the 
potential to reduce the amount and cost of parking (both capital and operating costs). 
Austroads (2008) recognises that the potential advantages of shared parking facilities for the 
public outperform its disadvantages. 
 
While the existence of shared parking is recognised by mixed use developers and planning 
officials, typical zoning codes of many countries around the world do not explicitly provide 
for it. Current planning scheme policies do not provide standardised approach to predict the 
parking demand for mixed use developments in Australia. The parking rates within local 
planning scheme represent the requirements for a single stand-alone land use, not taking into 
account any external factors, such as alternative transport modes, or the ‘shared parking’ 
concept. Using such guidelines could potentially result in economically excessive parking 
supply, increased automobile traffic, and more dispersed destinations, contributing to various 
economic, social and environmental problems. Each of the parking rates provided within each 
planning scheme represents isolated, stand-alone land uses. This study recognises the 
importance of shared parking and aims at evaluating the impacts of mixed use development in 
parking requirement. 
 
The methods used to predict the parking requirements for a specific mixed use development 
require an integrated framework, incorporating several variables (for example, parking 
demand rates, land use types, location and peak hour parking accumulations). The need of this 
study is realised as there are no consistent and standardised procedures to determine the 
parking demand for mixed use developments in Queensland or in Australia. As a result, 
methods that are used to calculate the parking requirements vary considerably between 
practitioners and consultants. The research of this kind will be important as it will establish 
time efficient and effective standard methodology that can be implemented to provide the 
expected parking requirements within traffic impact assessments and parking studies which 
satisfies the region’s planning scheme requirements. This study presents a strategy that results 
in more efficient use of parking resources, which is technically feasible, cost effective and can 
provide many benefits to the community. 
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2. METHODOLOGY 
 
Different methodologies are used around the world to calculate the adjusted parking demand 
for the mixed use development. Smith (2005) provides a methodology to calculate the 
expected parking supply locations in the USA. The steps followed include collecting land use 
data, identifying share parking factors, identifying critical parking need periods and 
recommending a parking requirements. Enoch (2008) argues that the submittal requirements 
of parking reduction request vary accordingly to the method used to determine the parking 
reduction. The method provided by Enoch (2008) differs from the method provided by Smith 
(2005). The method provided by Enoch (2008) for determining the parking reduction consists 
of firstly establishing the intermittent or seasonal non-conflicting uses. Secondly, the parking 
occupancy factors are collected for each land use. Lastly, a local parking demand analysis 
parking study is carried out. Such study could consist of either; a parking demand analysis 
prepared by a qualified parking or traffic consultant or research into existing surveys. There 
are other numerous methodologies used to predict the parking demand, and all differ 
depending on location requirements. However, there is currently no similar procedure 
available in Australia. 
 
In this study, the methodology is primarily an integration of research and analysis of both 
parking codes and recognition of various land uses. The study uses a combination of 
analytical and descriptive methods following a series of steps to determine the impact of 
mixed use developments on parking requirements considering the ‘shared parking’ concept 
within the study area. First, the parking codes provided within the local planning scheme are 
collected for typical land use categories. Second, the time-of-day parking occupancy factors 
that represent the expected occupancy of isolated land uses at different times of the day were 
determined by research and investigation. The data collected included average operating 
times, and the expected occupancy of the parking facility of isolated land uses at different 
times of the day. Expected time-of-day occupancy factors were determined for each hourly 
interval between 6:00AM and midnight for each of these land uses. The factors are displaced 
as percentages, illustrating the expected capacity of the parking facility for a single land use at 
a particular time of the day. Although, other shared parking adjustment factors such as 
seasonal modifications, non-captive adjustments and driving ratio adjustments are recognised 
as important inputs to identify the shared parking requirements, this study considers only 
average time-of-day parking occupancy factors as the data are not readily available for other 
factors. Third, alternative scenarios of mixed use developments consisting of a pull of typical 
land uses considering demand rates, land use type and time-of-day parking occupancy factors 
have been simulated to examine the impacts of mixed use development on share parking. 
Gold Coast city in Australia is taken as a case study to follow this procedure. 
 
 
3. CASE STUDY 
 
Gold Coast is located in South-East Queensland (SEQ) as shown in Figure 1. It is 
experiencing ongoing population growth (average about 3% per year) and it is estimated that 
the trend will continue in the years to come (Gold Coast City Council, 2011). The population 
increase has resulted in a growing demand for high density and mixed used developments that 
supports sustainable transport as well as. The local government planning scheme confirms 
that the new developments within Gold Coast will be developed with mixed uses, and at 
densities that support walking communities, public transport services and efficient delivery of 
infrastructure (Queensland Government, 2006).  
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Figure 1 Map of Southeast Queensland (SEQ) 
 
 
As a part of this study, 17 different land use categories were explored which are summarised 
in Table 1. The parking rate of isolated land use types are obtained from Gold Coast City 
Council (2003) and time-of-day parking factors are derived using information of from 
existing studies (RTA, 2002; Adam Pekol Consulting, 2008; Walker consultants, 2006). Table 
A in Appendix summarises time-of-day parking factors for the Gold Coast for hours between 
6AM to 12PM on weekdays. These factors are developed from various studies and represent 
the average values during weekdays. 
 
Table 1 Type land use categories 
Bank Licensed Club Restaurants 
Bulky Goods Store Medical Centre Shops/Shopping Centre 
Café Motel (Units) Theatre/Cinema 
Fast Food Outlet Dwelling Take Away Food Outlet 
Health Club (Gym) Nightclub / Bar Warehouse 
Industry Offices  
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The time of day parking accumulation factors in Table A in Appendix are analysed to generate 
sample shared parking accumulation curves for alternative mixed use developments. Out of 
several alternative scenarios, three typical cases of mixed use developments with respect to 
the degree of reduction in parking requirements can be derived. These include: 
 
 mixed use development with moderate reduction in parking requirement, 
 mixed use development with no reduction in parking requirement, and 
 mixed use development with significant reduction in parking requirement. 
 
 
Figure 2 shows the parking accumulation curves for a mixed use development that comprises 
a bank and a motel. In the mixed use share parking development shown in Figure 2, peak 
parking demand occurs t 9am to 10am and 5pm to 6pm at which 100% of the parking lots for 
bank are occupied by bank customers but only 80% of the motel parks were occupied. 
Depending upon the size of these two land uses, the parking supply can be reduced 
moderately. For example, if an isolated bank requires 100 parking lots and an isolated motel 
requires 50 parking lots, the shared parking requires only 140 (=100+0.8×50) lots instead of 
150 lots. This accounts of about 10% reduction (10 lots) in peak hour parking demand. 
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Figure 2 Parking accumulation curves for Bank and Motel 
 
 
Figure 3 shows another example of mixed use development consisting of a bank and an 
office. Although, bank and office can be a good combination for a mixed use development in 
terms of economic synergy, they do not reduce the peak hour parking requirement as the peak 
hour parking demand coincides at the same time period. Hence from the shared parking 
perspective, banks and offices can not go side by side as the shared parking requirement for 
the peak period does not change. 
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Figure 3 Parking accumulation curves for bank and office 
 
Another example of mixed use development that has a signification impact on shared parking 
requirement is shown in Figure 4. In this case mixed use development consists of three land 
use types, namely a medical centre, a fast food outlet and a night club/bar. As shown in this 
figure, the peak parking period for each land use type occurs at different hours of a day and 
the overall peak period is between 2pm to 3pm when 100% of the parking lots for medical 
centre are utilised, 90% of fast food and only 5% of the night club/bar parking lots. That 
means if the shared parking concept is introduced to this mixed use development, a significant 
reduction of parking requirement can be obtained. For example, if medical centre, fast food 
and night club/bar require 50, 40 and 30 parking lots respectively to accommodate standalone 
peak hour parking demand, the shared parking requires only 88 parking lots 
(=50+0.9×40+0.05×30) instead of 120 (=50+40+30) parking lots. This reduction is about 
27% at peak hour period. 
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Figure 4 Parking accumulation curves for Medical Centre, Fast Food & Night club/bar 
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4. CONCLUDING REMARKS 
 
This study investigates the impacts of mixed use developments on parking requirements and 
effectiveness of shared parking for a combination of land uses based on Gold Coast’ parking 
codes and regulations. It has been shown in this study that the effectiveness of shared parking 
concept for a mixed use development depends on both the type and the size of individual land 
uses that comprise the development. For example, a significant reduction in parking supply 
can be achieved by shared parking concept for the mixed use development that consists of 
Medical Centre, Fast Food and Night club/Bar. This is because the peak period of parking of 
these three land uses occurs at different time of a day. However, there will be no impact on 
share parking if the mixed use development consists of Bank and Office. This is because the 
peak period of parking of these two land uses coincides at the same time. This issue is very 
crucial to minimise the economic consequences of providing more or less than the optimal 
level of parking requirement, particularly in the urbanised areas of Gold Coast where the cost 
of land or construction is relatively expensive. It is recognised that these planning schemes 
must be updated to reflect this when developing future planning schemes. Therefore these 
planning schemes must be continually checked; to make sure the application displays current 
parking requirements. Further to classify various land uses to have the significant impact on 
shared parking requirement would be beneficial. 
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Table A Time-of-day parking accumulation factors for different land use categories during weekdays 
 
6:00:00 7:00:00 8:00:00 9:00:00 10:00:00 11:00:00 12:00:00 13:00:00 14:00:00 15:00:00 16:00:00 17:00:00 18:00:00 19:00:00 20:00:00 21:00:00 22:00:00 23:00:00 0:00:00 Land Use AM AM AM AM AM AM PM PM PM PM PM PM PM PM PM PM PM PM AM 
Bank 0% 0% 15% 100% 100% 100% 100% 100% 100% 100% 100% 100% 20% 0% 0% 0% 0% 0% 0% 
Bulky Goods Store 0% 26% 50% 75% 91% 100% 98% 92% 88% 80% 60% 40% 34% 32% 0% 0% 0% 0% 0% 
Café 25% 50% 60% 75% 85% 90% 100% 90% 50% 45% 45% 75% 80% 80% 80% 60% 40% 20% 5% 
Fast Food Outlet 5% 10% 20% 30% 55% 85% 100% 100% 90% 60% 55% 70% 100% 100% 80% 50% 20% 5% 5% 
Health Club (Gym) 70% 70% 60% 50% 70% 80% 60% 70% 70% 70% 80% 90% 100% 90% 80% 70% 10% 0% 0% 
Industry 3% 20% 63% 93% 100% 100% 90% 90% 97% 93% 77% 47% 23% 7% 7% 3% 3% 0% 0% 
Licensed Club 0% 10% 20% 30% 50% 60% 70% 65% 60% 60% 60% 65% 70% 90% 100% 90% 85% 60% 50% 
Medical Centre 0% 0% 40% 90% 100% 100% 80% 90% 100% 100% 80% 70% 30% 5% 0% 0% 0% 0% 0% 
Motel (Units) 95% 95% 90% 80% 70% 70% 65% 65% 70% 70% 75% 80% 85% 85% 90% 95% 95% 100% 100% 
Dwelling 100% 95% 90% 80% 75% 70% 65% 70% 72% 74% 75% 80% 85% 87% 92% 95% 96% 98% 100% 
Nightclub / Bar 15% 10% 5% 3% 3% 3% 3% 4% 5% 6% 10% 20% 25% 50% 75% 100% 100% 100% 100% 
Offices 0% 10% 70% 90% 100% 100% 90% 95% 100% 100% 90% 80% 30% 15% 7% 3% 1% 0% 0% 
Restaurants 25% 50% 60% 75% 85% 90% 100% 90% 50% 45% 45% 75% 80% 80% 80% 60% 40% 20% 5% 
Shops/Shopping 
Centre 0% 0% 10% 35% 65% 85% 95% 100% 95% 80% 70% 60% 60% 15% 10% 5% 0% 0% 0% 
Theatre/Cinema 0% 0% 0% 5% 30% 35% 40% 45% 60% 70% 80% 80% 80% 90% 100% 100% 100% 100% 80% 
Take Away Food 
Outlet 5% 10% 20% 30% 55% 85% 100% 100% 90% 60% 55% 70% 100% 100% 80% 50% 20% 5% 5% 
Warehouse 3% 20% 63% 93% 100% 100% 90% 90% 97% 93% 77% 47% 23% 7% 7% 3% 3% 0% 0% 
